The strong inhibition of triosephosphate isomerase by the natural beta-carbolines may explain their neurotoxic actions.
The natural beta-carbolines (BC) closely resemble the neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) in structure. The N-methylated beta-carbolinium ions (BC+) are potent inhibitors of mitochondrial respiration and are nigrostriatal neurotoxins. Utilizing [3H]BC, we have identified several proteins to which BC binds with high affinity (e.g. the chaperone member glucose regulated protein 78, the enzyme carboxylesterase, the cytochrome P450 2E1, the enzyme monoamine oxidase B and a small G-protein of the Rho subfamily). In the present study we isolated a protein from bovine brain to which [3H]BC binds with high affinity and identified it being the enzyme triosephosphate isomerase (TPI; EC 5.3.1.1.). 2,9-Dimethyl-BC+ was the most potent inhibitor of TPI, clearly more potent than the known inhibitors. TPI deficiency is a rare disorder in humans characterized by a severe progressive extrapyramidal course. Thus, TPI inhibition could contribute to neurodegeneration observed after injection of BCs into substantia nigra. Furthermore, the findings fit into the hypothesis of BCs as endogenous toxins responsible for neurodegeneration.